Introduction: Total vitamin B12 levels decrease significantly during pregnancy and
| INTRODUCTION
Serum vitamin B12 (cobalamin) concentrations show a significant decrease in each trimester during pregnancy to marginal or nonpregnant deficient values in healthy pregnant women. [1] [2] [3] [4] Postpartum, vitamin B12 concentrations spontaneously recover to preconceptional values. 3, 5, 6 However, serum vitamin B12 measurement has a low positive predictive value, meaning that a low serum vitamin B12 level does not always indicate an actual vitamin B12 deficiency at tissue level. 7 Therefore, supplementation of vitamin B12 in the absence of manifestations of deficiency is a matter of debate in the current literature.
7,8
Several studies conclude that the observed change of serum vitamin B12 during pregnancy and postpartum is physiologic. 2, 3 Despite depressed vitamin B12 concentrations, homocysteine, and methylmalonic acid levels were not elevated as would be expected in vitamin B12 deficiency. [1] [2] [3] 5, 6, 9 Also, a concomitant increase in erythrocyte cobalamin was observed. 2 Explanations for the cobalamin reduction are hemodilution, transportation to the fetus, and redistribution of cobalamin. However, serum vitamin B12 concentrations during pregnancy decline more than can be accounted for by hemodilution. 9 Also, the total requirement of the fetus during pregnancy is estimated to be 50 μg, while maternal stores in women with mixed diet are estimated at >1000 μg. 10 Therefore, in well-nourished women, body stores of vitamin B12 are adequate to meet fetal needs during gestation. 11 The combination of a decrease in total serum vitamin B12, the increase in erythrocyte cobalamin, and a decrease in saturation of cobalaminbinding serum proteins suggests a redistribution of cobalamin.
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Only 20% of serum vitamin B12 is bound to transcobalamin (holoTC), which is the active part of vitamin B12 available for tissue uptake. 12 The remaining 80% is bound to haptocorrin (holohaptocorrin, holoHC) and has no known biological function. 6 Several studies
showed that holoTC remains constant during pregnancy and postpartum, 3, 5, 6 while holoHC decreases during pregnancy. 2 Our hypothesis is that a shift occurs toward holoTC in women with insufficient available total vitamin B12. Therefore, the fraction of active vitamin B12
(holoTC/total vitamin B12) will be higher in women with vitamin B12 deficiency. Our objectives were to examine the prevalence of vitamin B12 deficiency based on total vitamin B12 and holoTC directly and at 5 weeks postpartum, and to compare the fraction of active vitamin B12 between vitamin B12 deficient and not deficient women during the first weeks postpartum.
| MATERIALS AND METHODS

| Population
The source population consisted of women who delivered in a large teaching hospital in Tilburg, in the southern part of the Netherlands.
The study was approved by the local ethics committee. All women received oral and written information about the study and provided oral and written informed consent. Women were eligible for inclusion if they were ≥18 years old, thoroughly understood the Dutch language, and had indications for blood sampling within 48 hours after delivery, including estimated blood loss >500 mL, delivery by cesarean section, manual removal of the placenta, and clinical symptoms of anemia.
Women were excluded if: their hemoglobin was <6.4 g/d (because the hospital protocol indicates the need for packed red cell transfusion); they were addicted to alcohol or drugs; they had hematological disease, they had chronic inflammatory disease; or they were being treated with methotrexate.
| Laboratory parameters
Maternal venous blood was collected within 48 hours after delivery (T0) in the hospital and at 5 weeks postpartum (T5) in the outpatient clinic. The women were not informed of their vitamin B12 levels.
None of the women received vitamin B12 supplementation. If they used multivitamins, they were allowed to continue them.
Total vitamin B12 was measured on an Advia Centaur immunoassay system (Siemens Healthcare Diagnostics, Breda, the Netherlands).
HoloTC was measured in each serum sample using an AxSYM immunoassay analyzer (Abbott Diagnostics, Hoofddorp, the Netherlands).
All parameters were measured in control and analyzed in the normal diagnostic practice of the laboratory. For the vitamin B12 and holoTC, the respective between-run coefficients of variation were 3.1% (target value 180 pmol/L) and 4.3% (target value 30 pmol/L).
| Cutoff values for vitamin B12 and holoTC
Vitamin B12 deficiency was defined as total vitamin B12 < 180 pmol/L or holoTC <32 pmol/L. 13 The fraction of active vitamin B12 was defined as holoTC/total vitamin B12.
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| Statistical analyzes
Statistical analyzes were performed using IBM SPSS Statistics 20.0.
Continuous variables at baseline were compared by independent sample t tests and nominal variables by Chi-square tests, except holoTC. 
| RESULTS
A total of 171 women were included in the study. The demographic and clinical characteristics of the participants at baseline are shown in Table 1 . Table 2 shows the significant differences in distribution of total vitamin B12 deficiency and holoTC deficiency from T0 to T5 (P < .0001).
Vitamin B12 deficiency at T0 was prevalent in 75% (n = 129) of the women based on total vitamin B12 values, and in 60% (n = 102) of the women based on holoTC. At T5, vitamin B12 deficiency remained in 9.9% (n = 17) based on total vitamin B12 values, and in 5.8% (n = 10) based on holoTC. All women with normal vitamin B12 (n = 42, 24.6%)
and holoTC values (n = 69, 40.4%) on T0, continued to have normal values on T5.
Total vitamin B12 deficient women had a significant higher fraction of active vitamin B12 compared with not deficient women at both T0
( Figure 1A , P < .0001, mean 0.25 ± SD 0.12, and mean 0.19 ± SD 0.07) and T5 ( Figure 1B , P < .0001, mean 0.28 ± SD 0.08, and mean 0.21 ± SD 0.06). A high fraction of active vitamin B 12 (>0.40) was only present in women with total vitamin B12 deficiency at T0 (n = 13, Figure 1A ). Of these, 85% (n = 11) had a normal holoTC level. At T5, no high vitamin B12 fraction was found ( Figure 1B) . Women with total vitamin B12 deficiency at T0 had a significant higher fraction of active vitamin B12 over time compared to women without vitamin B12 deficiency at T0 (P = .002).
| DISCUSSION
The results of the present study show a spontaneous recovery of vitamin B12 deficiency based on both total vitamin B12 and holoTC from delivery to 5 weeks postpartum. The fraction of active vitamin B12 was significant higher in vitamin B12-deficient women at both time points and across time. A high fraction of active vitamin B12 was only present in women with total vitamin B12 deficiency at T0. At T5, no high vitamin B12 fraction was found. These results confirm the hypothesis that a shift toward the metabolic active vitamin B12 (holoTC) occurs, if there is insufficient total vitamin B12 available. Therefore, the observed changes of total vitamin B12 during pregnancy and postpartum should be considered physiological. Earlier studies confirm that conclusion, as homocysteine and methylmalonic acid levels were not elevated as would be expected in vitamin B12 deficiency, and a concomitant increase in erythrocyte cobalamin was observed. [1] [2] [3] 5, 6, 9 To our knowledge, this is the first study reporting the course of serum vitamin B12, holoTC, and fraction of active vitamin B12 in the first weeks postpartum. Based on serum total vitamin B12, the prevalence of vitamin B12 deficiency in the present study was higher within 48 hours postpartum compared with the third trimester of pregnancy in the current literature (75% vs 35%-43%). 
| Strengths and weaknesses
The present study is limited by selection bias. All included women had indication for blood sampling based on potential anemia. However, earlier studies found no association of hemoglobin level and vitamin B12 status during pregnancy and postpartum. 2, 3 Homocysteine and methylmalonic acid levels were not measured to define vitamin B12 deficiency in the present study. However, earlier studies found no significant correlation between homocysteine or methylmalonic acid and vitamin B12 deficiency, both during pregnancy and postpartum.
3,5,6
Another limitation of the study is that in 36% of the included women the diet is unknown. Women who are vegetarian or vegan are at increased risk of vitamin B12 deficiency. 7 Yet, we believe that this has not affected our results. The 4 included vegetarian women in the present study were vitamin B12 deficient within 48 hours postpartum.
Without the use of multivitamins, they all reached normal total vitamin B12 and holoTC values at 5 weeks postpartum (data not shown).
| CONCLUSION
The results of the present study confirm the hypothesis that vitamin B12 changes postpartum are physiological and that a shift toward the metabolic active vitamin B12 (holoTC) occurs in women with insufficient available total vitamin B12.
